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Specifications 

1. Name of this Invention 
MANUFACTURE OF METAL MAGNETIC POWDER 

2. Claim(s) 

Manufacture of metal magnetic powder comprising a step for 
executing gas phase thermal decomposition to transition metal 
carbonyl compound diluted with dilution gas consisting of hydrogen, 
carbon monoxide, inert gas, or a mixture of these to generate the 
metal magnetic powder and a step for bringing the generated magnetic 
powder into contact with oxygen or oxygen diluted with inert gas at 
the temperature of 60 °C or higher to form an oxide film on the 
surface of said generated magnetic powder. 

3. Detailed Explanation of this Invention 
[Technological Field] 

This invention pertains to a manufacturing method of metal 
magnetic powder and is particularly associated with the simple and 
economical manufacturing method of metal magnetic powder having 
strong resistance against magnetic deterioration, high ignition 
point, and excellent oxidizing resistance. 
[Conventional Technology] 

In recent years, ferromagnetic metallic powder mainly consisting 
of iron has been researched as a magnetic material for magnetic 
recording medium and utilized. Compared with the conventional iron 
oxide type magnetic material, this ferromagnetic metallic powder 
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provides stronger coercive force and higher saturation magnetization 
quantity/ thereby being able to provide high density recording. 
However, it has weak oxidizing resistance which is the greatest 
drawback of this material. 

The ferromagnetic metallic powder used for magnetic recording 
medium has a large relative area and is highly chemically active. 
Therefore, when taken out in the air, the powder generates heat and 
ignition caused by the rapid oxidization reaction. 

Hence, to stabilizing the ferromagnetic metallic powder, a 
method of forming an oxide film on the metallic powder surface was 
developed. Some practical techniques are a method which immerses 
metallic powder in an organic solvent and forms an oxide film in the 
solution by sending inert gas containing oxygen (Pat. No. 52-85054) 
and a method which brings the powder into contact with inert gas 
containing oxygen in a gas phase to create an oxide film (Pat No. 48- 
79153) . 

Furthermore, the developers of this invention previously 
disclosed a method of producing ferromagnetic powder by diluting a 
transition metal carbonyl compound in inert gas to execute gas phase 
thermal decomposition (Pat. No. 63-270405), thus having attempted to 
stabilize the ferromagnetic powder by the abovementioned gradual 
oxidation method. 

However, since these gradual oxidation methods execute the 
oxidation reaction in the magnetically strongly coagulated state. 
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dispersion of oxygen to the metallic grain surface layer is 
insufficient to cause uneven oxidation reaction. Thereby, 
insufficient reaction for forming an oxide film results in 
deterioration of powder with the passage of time when used under the 
practical conditions. 

[S\jmmary of this Invention] 

(Summary) 

Considering the abovementioned conditions, the developers of 
this invention investigated a method for producing metal magnetic 
powder having improved oxidation resistance and discovered the 
following method. 

That is, this invention provides a production method of metal 
magnetic powder comprising a step for executing gas phase thermal 
decomposition to transition metal carbonyl compound diluted with 
dilution gas consisting of hydrogen, carbon monoxide, inert gas, or a 
mixture of these to generate the metal magnetic powder and a step for 
bringing the generated magnetic powder into contact with oxygen or 
oxygen diluted with inert gas at the temperature of 60 or higher to 
form oxide film on the surface of said generated magnetic powder. 
(Effectiveness) 

The method based on this invention can uniformly generate an 
oxide film on metal magnetic powder, easily providing stable metal 
magnetic powder which is small in its magnetic characteristic change 
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(change in the saturation magnetization) and has a high ignition 
point without requiring a complex operation. 

The method based on this invention executes the reaction of 
creating an oxide film on metallic magnetic powder immediately after 
crating metallic powder while the powder is dispersed in the dilution 
gas. Therefore, compared with the case in which an oxide film is 
created while captured metal magnetic powder is still coagulated, 
oxygen can be more uniformly dispersed into a metallic particle 
layer, subsequently allowing the formation of a uniform oxide film. 
As a result, extremely stable metal magnetic powder can be obtained. 

Furthermore, since the method based on this invention forms an 
oxide film for the metal magnetic powder while metallic powder is 
transferred, a special reaction vessel is not required for gradual 
oxidization. Moreover, as the dilution gas used in the gas phase 
thermal decomposition can be reused, a less amount of dilution gas is 
needed, thereby allowing more economical operation. 

[Practical explanation of this invention] 
(Creation of metal magnetic powder) 

The metal magnetic powder on which an oxide film is created can 
be produced according to the methods disclosed by the developers of 
this invention (e.g., Pat. No. 63-270405, 63-270406, 64-83605, 63- 
221952, 63-284760, etc.) 

An example of practical method is that a transition metal 
carbonyl compound is diluted with dilution gas consisting of 
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hydrogen, carbon monoxide, inert gas, or a mixture of these to 
prepare a gas mixture arranged to its concentration to 3 volume % or 
less and placed in a reaction system to which at least 100 Gauss of 
magnetic field is impressed, at 300°C or higher for 5 seconds or less 
to execute gas phase thermal decomposition reaction. 

The metal magnetic powder obtained in this manner consists of 
needle-like ultra fine grains (e.g., long axis diameter = 0.5 ^ or 
less; short axis diameter = 0.05 u or less; relative area = 30 m^/g or 
greater) . 

Fig. 1 is a diagram illustrating an example of the device used 
to perform this invention. 

In the figure, the high temperature dilution gas is guided 
through a guiding pipe 1, and a mixed gas of the low temperature 
transition metal carbonyl compound and the dilution gas is introduced 
through a guiding pipe 5. Thus, these gases are brought into contact 
at the position at an outlet 6 of a nozzle impressing magnetic field, 
subsequently allowing the heat of 300°C or higher, preferably 400 - 
800°C needed for decomposition of metallic carbonyl to be supplied 
instantly by the high temperature side dilution gas. 

At this time, in order to prevent clogging by the decomposition 
reaction of low temperature metallic carbonyl in the guiding pipe 5, 
low temperature dilution gas is guided through a guiding pipe 11 for 
protection. 
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The mixed gas introduced through the guiding pipe 5 is obtained 
by mixing the metallic carbonyl compound (guided through the guiding 
pipe 2) and dilution gas (guided through the guiding pipe 3) in a 
mixing chamber 4, providing a gas containing a metallic carbonyl 
compound of specific concentration. The concentration of transition 
metallic carbonyl compound in the mixed gas guided through this 
guiding pipe 5 is 0.1 - 30 volume %, preferably 0.5 - 25 volume %. 
If this concentration is too high, the diameter of the obtained 
metallic grain grows greatly. Therefore, the magnetic ultra fine 
powder having high coercive force, which is the object of this 
invention, cannot be obtained. On the other hand, excessively high 
concentration results in reduced productivity. 

The mixed gas guided through this guiding pipe 5 should be below 
200''C, preferably 180 - 30°C. The guiding amount should be 30 volume 
%, preferably 3-20 volume % to the total supply quantity through 
the guiding pipe 1, guiding pipe, and guiding pipe 11. If the 
guiding amount is too small, the productivity worsens. On the other 
hand, an excessive amount results in failure to provide sufficient 
reaction heat, thereby lowering the reaction speed to cause greatly 
grown metallic grains. As a result, ultra fine grains cannot be 
obtained. Furthermore, if this mixed gas temperature is too high, 
desired ultra fine grains cannot be obtained. 

Furthermore, the high temperature dilution gas guided through 
the guiding pipe 1 should be 400°C or higher, preferably 450°C or 
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higher (upper limit is about lOOO^C) • The guiding amount to the 
total supply amount through the guiding pipe 1, guiding pipe, and 
guiding pipe 11 is 96 - 55 volume %, preferably 92 - 70 volume %. If 
this gas temperature is too low, or the guiding amount is too small, 
sufficient reaction heat is unobtainable. As a result, the reaction 
speed is reduced drastically, also lowering the nuclear generation 
amount while forming metallic grains. Hence, the granular diameter 
grows significantly, thereby subsequently failing in obtaining ultra 
fine grains which are the object substances of this invention. 

Moreover, the low temperature dilution gas guided through the ' 
guide pipe 11 is 200''C or below, preferably 100°C or below. The 
ratio of guiding amount to the total supply quantity should be 3 - 15 
volume %, preferably 5-10 volume %. If this introducing gas amount 
is too small, it is not possible to prevent the clogging of the pipe 
guiding the raw material metallic carbonyl compound caused by the 
decomposition reaction or adhesion of the compound at the tip of the 
pipe. As a result, the stable operation cannot be maintained for a 
long period. On the other hand, if the amount is too large, the 
reaction temperature cannot be maintained sufficiently, thereby 
failing to provide the object of ultra fine grains. 

The gas contacted and mixed at the position of the nozzle 
opening 6 remains in the reaction pipe 7 for 5 seconds or less, 
preferably 2 seconds or less for the gas phase decomposition 
reaction. 
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To impress a magnetic field to the reaction system, a device 8 
containing any of the permanent magnet, electromagnetic stone, 
solenoid coil, etc- can be used. The impressing magnetic field is 
300 Gauss or higher, preferably 400 - 1500 Gauss • By impressing a 
magnetic field, the needle-like characteristic of the creating 
metallic ultra fine grains can be controlled for increasing the 
coercive force. 
<Formation of oxide film> 

To create an oxide film of metallic magnetic powder, after the 
metallic magnetic powder created by the abovementioned thermal 
decomposition is guided to the oxide film forming reaction pipe 10 
through the pipe 9, the powder is instantly brought into contact with 
the oxygen or oxygen diluted with inert gas introduced from an 
introducing pipe 12. As the inert gas, nitrogen, helium, argon, 
etc, may be normally used, where inexpensive nitrogen is preferred. 
The metal magnetic powder guided into the reaction pipe 10 is in the 
condition of sufficiently diluted in the gas. Therefore, unlike the 
magnetic powder captured in the collector, the grains are not 
strongly coagulated. Thus, as oxygen can be sufficiently dispersed 
to the metallic granular surface, a stable oxide film can be created 
under the conditions of relatively high temperature and short time. 

The reaction temperature in the reaction pipe 10 should be 60 °C 
or higher, preferably 80 - 300°C. The stay time is 1 second or 
longer, preferably 10 - 100 seconds. Moreover, as for the amount of 
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guided oxygen or oxygen diluted with inert gas, the concentration of 
the oxygen diluted with the dilution gas supplied through the pipe 9 
and the inert gas provided through the oxygen guiding pipe 12 in the 
reaction vessel 10 is 0.01% - 5%, preferably 0.05% - 2%. 

If the reaction temperature is 60°C or below, the oxidization 
speed is too slow to form a desired oxide film. On the other hand, 
the temperature exceeding 300 °C rapidly accelerates the oxidation 
reaction to make it difficult to control the process, STibsequently 
resulting in uneven oxide films providing undesirable quality. Also, 
if the stay time in the reaction vessel exceeds 100 seconds, the 
volume of the reaction vessel becomes too large, and therefore 
uneconomical. On the other hand, the duration of 1 second or less is 
insufficient for forming an oxide film. 

The metallic powder on which an oxide film is formed is sent to 
a collection chamber 13 and collected. Once collected, the powder 
may be gradually oxidized using the conventional method so as to 
allow complete formation of the oxide film. 
Operational example 1 

With the reaction device shown in Fig. 1, a 600 Gauss magnetic 
field is impressed to a reaction pipe 7 (inner diameter = 27 mm; 
length = 1 m) to conduct the gas phase thermal decomposition reaction 
of Fe{C0)5 under the reaction conditions (a) - (e) described below for 
creating ultra fine iron grains. Then, an oxide film was created in 
the reaction pipe 10 (inner diameter = 102 mm; length = 2 m) under 
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the conditions of (f ) - (h) . The obtained metallic powder was 
collected in the collection part 13 and held in the oxygen 
concentration described in (f) at 60*^C for 4 hours. Then, the powder 
was taken out outside in the air. 

(a) Amount of nitrogen introduced from the pipe path 1: 
Nitrogen: 500°C; 85 volume % of the total supply amount 

(b) Amount of mixed gas introduced from the pipe path 5 
Nitrogen: 60 "^C; 8.5 volume % of the total supply amount 
Fe(C0)5: 60 °C; 1.5 volume % of the total supply amount 

(c) Amount of dilution gas introduced from the pipe path 11: 
Nitrogen: 60 °C; 5 volume % of the total supply amount 

(d) Stay time: 0.1 second 

(e) Average temperature of the reaction pipe (7) : 495°C 

(f) Amount of nitrogen and oxygen introduced from the pipe path 12: 
Nitrogen: 60 "^C; 4 volume % of the total supply amount 
Oxygen: 60 °C; 1 volume % of the total supply amount 

(g) Stay time: 3.2 seconds 

(h) Average temperature of reaction pipe 10: 180°C 

When observed with a permeation electron microscope picture, the 
obtained magnetic powder was shaped as needle-like having the short 
axial diameter of 0.02 p and the long axial diameter of 0.02 p. The 
magnetic characteristics were the following: Saturation 
magnetization (5s): 135 egu/g; coercive force: 1550 (Oe) ; and angular 
ratio: 0.51. 
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Moreover, the oxidization resistance stability of this powder 
was evaluated based on the reduction ratio (DSs) of the 6s after the 
powder was left untouched for 3 days in the air at 60**C and 90% RH. 
The result was 1.5%. 
Comparison example 1 

The same operation as described in the Operational example 1 was 
conducted/ except that the powder was collected without providing the 
oxidation film process under the conditions (f) - (g) . 

The magnetic characteristics of the obtained magnetic iron 
powder were the following: 

Saturation magnetization (5s) : 138 egu/g; coercive force: 1520 
(Oe) ; and angular ratio: 0.51. 

Moreover, the oxidization resistance stability of this powder 

was evaluated based on the reduction ratio (DSs) of the 6s. The 
result was 5.2%. 

4. Simple Explanation of the Figures 

Fig. 1 is a simplified configuration diagram showing an example 
of the device for performing this invention. 

l...High temperature dilution gas guiding pipe; 2 ... Transition 
metal carbohyl compound guiding pipe; 3... Dilution gas guiding pipe; 
4... Mixing tank; 5... Mixed gas guiding pipe; 6... Nozzle opening; 
7... Reaction pipe; 8... Magnetic field impressing device; 9... Pipe 
path; 10 .. .Reaction pipe; 11... Low temperature dilution gas guiding 
pipe; 12... Oxygen guiding pipe; 13 .. .Collection chamber 
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